Role of the renin-angiotensin system in cardiac hypertrophy.
Hypertrophy is an adaptive response of the heart to hemodynamic overload such as hypertension. However, it is generally accepted that cardiac hypertrophy is one of the most critical risk factors of heart disease. Therefore, for the treatment of hypertension it is important to understand the mechanism of cardiac hypertrophy and to establish effective pharmaceutical interventions. Mechanical stretch induced by hypertension is an initial factor leading to cardiac hypertrophy. In an in vivo study using spontaneously hypertensive rats, an angiotensin II type 1 receptor antagonist, TCV116, decreased left ventricular weight, left ventricular wall thickness, transverse myocyte diameter, relative amount of V3 myosin heavy chain, and interstitial fibrosis, whereas treatment with hydrolazine did not. In an in vitro study using cultured cardiomyocytes of neonatal rats, mechanical stretch activated second messengers, such as extracellular signal-regulated protein kinase (ERK), followed by increased protein synthesis. Additionally, in the stretch-conditioned medium, the levels of angiotensin II and endothelin-1 concentrations were increased. Moreover, the Na+/H+ exchanger activated by mechanical stretch modulated the hypertrophic responses of cardiomyocytes. To further elucidate whether angiotensin II is indispensable for mechanical stress-induced cardiac hypertrophy, mechanical stretch-induced ERK activation was examined in angiotensin II type 1a receptor knock-out mice. Although the addition of angiotensin II had no effects on the ERK activity in cardiomyocytes of angiotensin II type 1a receptor knockout mice, mechanical stretch induced a larger increase in the ERK activity in cardiac myocytes from these mice compared with cardiac myocytes of wild-type mice. These results suggest that mechanical stretch could induce hypertrophic responses in cardiac myocytes even in the absence of angiotensin II. The pathways leading to ERK activation differed between cell types. In cardiac fibroblasts, angiotensin II activated ERK via the G(beta)gamma subunit of Gi, Src, Shc, Grb2, and Ras, whereas Gq and protein kinase C were critical in cardiomyocytes.